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Abstract 

The family Mactridae and the Subfamilies Lutrariinae, Resaniinae and Zenatiinae 
are defined, and the New Zealand Recent and Fossil members of the three sub¬ 
families are described. These comprise two species of Lutraria, three species of 
Resania, five species of Zenatia s.s. and two species of a new subgenus of Zenatia. 
One new species of Resania and four new species of Zenatia are described. In the 
Upper Miocene and Lower Pliocene two species of Resania inhabited separate 
basins in New Zealand. The species of Zenatia belong to three lineages, two of 
which are known only from the Pliocene and Lower Pleistocene. The lineage of 
Zenatia acinaces is an example of recapitulation. The ecology of these groups is 
discussed. 


Introduction 

Typical Mactrid Lamellibranchs (Subfamily Mactrinae) are approximately 
equilateral, with short siphons and a medium-sized foot, and are found all over 
the world burrowing to a depth of a few inches in the sand or mud of beaches 
and harbours. Three other subfamilies, the Lutrariinae, Resaniinae and Zena¬ 
tiinae, have become adapted for other modes of life by enlargement of the foot 
or siphons, with consequent elongation of part of the shell. 

The Australian Zenatiinae were recently reviewed by Gill and Darragh (1963). 
No revision of the New Zealand members of any of these groups has ever appeared, 
and Dr Marwick’s (1948) description of Zenatia flemingi and comments on the 
undescribed Awamoan species were the first indications that more than one 
species of this genus occurred in New Zealand. The present paper is a review 
of all the members of these subfamilies previously described from New Zealand, 
and also contains descriptions of 5 new species. 

The Subfamily Lutrariinae is represented in New Zealand by two Genozoic 
fossil species only, being much more common overseas. The Resaniinae consist 
of only two genera, one of which lives around southern South America and the 
other of which lives in New Zealand and has quite a long fossil history in this 
country. The Zenatiinae are known from New Zealand and southern Australia 
only, and include five fossil lineages and two living species. 
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Material Examined 

In this study I was very fortunate in being able, thiough the kind pei mission 
of Dr C. A. Fleming, to use all the specimens of Lutrariinae, Resaniinae and 
Zenatiinae accumulated over the last hundred years by the New Zealand Geo¬ 
logical Survey. These collections provided the great bulk of the specimens re¬ 
ferred to. They were augmented by material in my own collection, and in the 
collections of the Dominion Museum, the Geology Department of Victoria Univer¬ 
sity of Wellington, the Auckland Institute and Museum, and of Mr P. Maxwell 
(of the New Zealand Geological Survey). At the Auckland Museum a morning 
was spent examining the specimens in the Finlay Collection and the Museum s 
collections, by permission of Dr A. W. B. Powell. Specimens of Darina were 
examined in the Dominion Museum, Wellington, by courtesy of Dr R. K. Dell. 


Geological Ages 

The ages of specimens are given in the text by use of New Zealand Tertiary 
stage names only. A list of these and of the equivalent European time divisions 
(Hornibrook, 1958; Jenkins, 1964) is given in Table I (Phylogenies). The 
correlation is that most recently proposed by micropaleontologists of the New 
Zealand Geological Survey and of the Geology Department of Victoria University 
of Wellington. 

The Hutchinsonian Stage is not recognised, as it is considered to be too thin at 
its type locality and practically indistinguishable from the Awamoan Stage at 
other localities. The few “ Hutchinsonian ” records of Zenatia have been in¬ 
cluded as Awamoan records. 


Type Specimens 

All holotypes and paratypes of new species and specimens figured in this paper 
are in the New Zealand Geological Survey. All the numbers prefixed by TM 
and placed in brackets after references to these specimens are the registration 
numbers of the specimens in the type collection of the New Zealand Geological 
Survey. 

Suter’s (1913) hypotypes of Resania lanceolata Gray and Zenatia acinaces 
(Quoy and Gaimard) were found in his collection and are now in the type 
collection of the New Zealand Geological Survey. They were not marked as the 
figured specimens, but are the only specimens of each species in the Suter Collec¬ 
tion which bear a locality number, which was normally written on the label only. 
The numbers are in Suter’s distinctive handwriting. The specimens also match 
Suter s figures perfectly in shape and in disposition of periostracum. 


SYSTEMATICS 

Family MACTRIDAE Gray, 1853 


Equivalve, slightly to strongly inequilateral Lamellibranchs with two more or less 
coalesced cardinal teeth in the right valve and one bifid cardinal tooth in the left valve: 
with two anterior and two posterior lateral teeth in the right valve, and one of each in 
the left valve; and with a spoon-shaped to triangular resilifer, usually situated in the 
centre of the hinge plate, bearing a resilium which is separate from a short dorsal ligament. 


D a ll (1895: 205; 1898: 866) distinguished 
of hinge in the Mactridae. The more advanced 


two fundamentally different types 
Mactroid type has the ligamental 
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surface separated from the resilifer by a ridge of shell, which is absent in the 
more primitive Spisuloid type of hinge. While this distinction generally seems 
to be useful in separating unrelated groups, it seems to fall down in the case of 
Mactrona Marwick, which has a Spisuloid hinge but is otherwise similar to 
Mactra, and was erected as a subgenus of Mactra by its author (Marwick, 1948: 
22). It seems that this distinction should not be used as strictly as it was by Dali. 
The genera Zenatia and Resania were considered by Dali (1898: 891) to have 
a Spisuloid hinge, from which he inferred that they were recent derivatives from 
a Spisula type of shell, and had not yet had time to become Mactroid. However, 
the Australian Zenatiinae that I have examined in the collection of the New 
Zealand Geological Survey (presented by Dr E. D. Gill of the National Museum 
of Victoria) are all clearly Mactroid. In most New Zealand Zenatiinae I have 
examined there is a ridge between the left accessory cardinal lamella (or the 
right cardinal tooth) and the ligamental surface, above the resiliary pit, and 
passing down along the posterior edge of the pit. This is worn off in some speci¬ 
mens and rather obscure in some species. In Zenatia acinaces it is sometimes 
so strongly developed as to resemble a second left accessory cardinal lamella. This 
ridge is considered to represent the Mactroid ridge of more normal Mactrids, and 
the whole sub-family is therefore considered to be Mactroid. 

Resania is Spisuloid, as stated by Dali. 


Subfamily MACTRINAE Gray, 1853 

A diagnosis of this subfamily is given in order to show its distinctness from 
the following subfamilies. 

Familial hinge characters fully developed. Shell and pallial sinus short. Hinge Mactroid 
or Spisuloid. Shell gaping very little. Siphons partly or wholly naked and completely re¬ 
tractable within the shell. Mantle lobes completely separate ventrally. 


Key to the Subfamilies of Elongate Mactrids 

1. Umbo behind the mid-point, foot very large, siphons 
small and completely retractable, mantle lobes separ¬ 
ate, resilifer bent very strongly below the hinge plate 

2. Umbo in front of the mid-point, foot small, siphons 
large and not retractable, mantle lobes fused 

(a) Umbo near the mid-point, foot somewhat re¬ 
duced, siphons having a horny covering, resilifer 
in the plane of the hinge plate, no internal 
callus rib present, anterior muscle scars confluent 

(b) Umbo very near the front, foot greatly reduced, 

siphons naked, resilifer bent somewhat below the 
hinge plate, a weak to prominent internal callus 
rib present, and with three separate anterior 
muscle scars . 


Subfamily LUTRARIINAE Dali, 1895 

Shell posteriorly elongate and anteriorly reduced, widely gaping at both ends; hinge 
Spisuloid or Mactroid, with a large resilifer in the plane of the hinge plate, and lateral 
teeth partly or wholly reduced. Pallial sinus very deep. Siphons contractile but not com¬ 
pletely retractable within the shell, fused to their tips, clothed with a horny epidermis, 
mantle lobes fused for most of their length, leaving a small anterior opening through which 
the reduced foot is protruded. No anterior callus rib. Anterior muscle scars confluent. 


Subfamily RESANIINAE 


Subfamily LUTRARIINAE 


Subfamily ZENATIINAE 
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Genus Lutraria Lamarck, 1799 

Type species (by subsequent designation. Gray, 1847): My a oblonga Gmelin, 
Recent, Europe. 

The following diagnosis follows that of Dali (1898). 

Shell strongly inequilateral, elongate, with wide anterior and posterior gapes; surface 
smooth, concentrically striated or with irregular wrinkles on the posterior dorsal surface; 
umbones at about the anterior third: pallial sinus deep to very deep. Resihfer roundly tri¬ 
angular, large, oblique, in the plane of the hinge plate. Left cardinal tooth compressed, 
prominent, with an accessory cardinal lamella; left laterals very short and weak, the 
posterior one obsolete or absent. Right cardinal teeth just meeting at the umbo, the 
anterior one adjacent to or superimposed upon the ventral anterior lateral, dorsal anterior 
lateral and ventral posterior lateral obsolete or absent. Hinge plate strong, narrow and 
flat. A long narrow lunule is present on the dorsal edge of the anterior portion of the 
hinge plate. Both anterior pedal retractor muscle scars confluent with the anterior adductor 
scar, the upper one clearly marked off by a constriction in the outline. Posterior pedal 
retractor scar confluent with the adductor scar, unusually large for the family. A faint 
groove runs across the anterior adductor muscle scar from its point of junction with the 
pallial line. 

The apparently closely related genus Schizothaerus Conrad, 1853, has a Mac- 
troid hinge with all lateral teeth moderately well developed, and lacks the groove 
across the anterior adductor muscle scar. 


Lutraria solida Hutton, 1873. Text-fig. la. 

1873. L. solida. Hutton, C.T.M.: 19. 

1873. Mesodesma grandis. Hutton, C.T.M.: 20. 

1914. L. solida Hutton. Suter, N.Z.G.S. Pal. Bull. 2: 53, PI. 15, fig. 2. 

1965. L. solida Hutton. Borcham, N.Z.G.S. Pal. Bull. 37: 65, PI. 18, fig. 7; PI. 17, 
figs. 1-4. 

The hinge of this species agrees with the above diagnosis in all respects, except 
that there are two posterior laterals in the right valve of some specimens. The 
dorsal one of these is absent in other specimens. According to Dali’s diagnosis 
the ventral lateral is usually absent in L. oblonga, but it is not so in the New 
Zealand species. Closer study of L. oblonga and L. lutraria may show that this 
feature is not as Dali stated. In L. solida the left posterior lateral is low and 
weak. The right dorsal anterior lateral is always absent. The right ventral anterior 
lateral is higher and thicker than the anterior cardinal, and the two are closely 
adjacent. The posterior cardinal is a high, thin, weak lamella, and is conse¬ 
quently broken off on most specimens seen; it extends out over the resilifer all 
along its base, covering the anterior edge of the resiliary pit. The left cardinal 
and its accessory lamella also extend a little over the anterior edge of the resiliary 
pit A low ridge in the anterior of the pit marks off a rounded anterior groove, 
which is hidden from direct view by the cardinal teeth in both valves. The shell 
is rather thicker and more solid than in any foreign species examined. The most 
noticeable character in which this species differs from most overseas ones is in 
the shape. The ventral margin slopes down to the posterior, so that the shell 
is highest near the posterior end. This causes the posterior gape to be much 
larger than the anterior, and to resemble that of Panopea. A long narrow lunule 
on the anterior dorsal interior surface bears fine irregular striations. The exterior 
surface of the shell is sculptured with rather prominent concentric growth lines, 
and the dorsal posterior surface bears irregular radiating wrinkles as in Zenatio- 
Tn f e line across the anterior adductor muscle scar is situated at about the posterior 
fifth of the scar. 

Dimensions of figured specimen (TM3847) : height, 58.5mm; length, 108.9 
mm; inflation, 1 valve, 18.4mm. The species grows up to about 140mm long. 
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Localities and Ages 

Okehuan: G.S.4080, Okehu Shell Grit, Wanganui Coast (derived fragment). 

Nukumaruan: G.S.781, Upper Limestone, Napier; G.S.1063, Okauawa Stream, 
Hawke’s Bay; G.S.1104, Tait’s farm, Maraekakaho, Hawke’s Bay; G.S.6977, 
Kikowhero Stream, 2 miles above Ngaruroro River, Hawke’s Bay; G.S.4129, 
Tewkesbury Formation, Nukumaru Beach; G.S.4266, Undifferentiated Nukumaru 
Group, Te Anana Stream, Wanganui; G.S.4374, Waipuru Shellbed, Mangatipona 
Valley Road; G.S.4089, Waipuru Shellbed, Great Northwest Road, Kai Iwi; 
G.S.3093, Waipuru Shellbed, Hunterville-Turakina Valley Road; Waipuru Shell- 
bed, Mangaonoho, Rangitikei Valley (B. Senior, V.U.W.); G.S.1164, 4117, 4116, 
4115, Nukumaru Brown Sand, Nukumaru Beach; G.S.4255, 4093, Nukumaru 
Limestone, Nukumaru Beach; G.S.3095, Mangamako Shellbed, Quarry near Kai- 
karangi Rly. Stn., Onga S.D.; G.S.1174, Main Road, Kai Iwi (Waipuru Shell- 
bed?) ; G.S.2366, Upper Kumeroa Fmtn., Trig. X, Takapau S.D.; Middle Rangi¬ 
tikei Fmtn., Rangitikei Valley (Te Punga, 1953: 12). 

Waitotaran: G.S.4938, 4940, 4948, 4951, 4959, Lower Waipara Gorge, North 
Canterbury; G.S.4244, Makokako Sand, Makokako Valley, Wanganui; G.S.4215, 
Mangapani Shell Conglomerate, Waitotara Valley Rd. ; G.S.4227, Mangapani Shell 
Conglomerate, Mangapani Trig., Waitotara. 

Waipipian: G.S.4248, Snapper Point Conglomerate, Waipipi, Waverley; 
G.S.4253, Upper Waipipi Shellbed, Waipipi, Waverley; G.S.4257, Lower Waipipi 
Shellbed, Waipipi, Waverley. 

The species thus occurs in Waipipian, Waitotaran and Numumaruan strata 
in North Canterbury, Wanganui and Hawke’s Bay, but is not known from the 
Hautawan Stage. The type locality is Lower Waipara Gorge, North Canterbury 
(Waitotaran). 


Lutraria trapezoidalis Powell and Bartrum, 1929. Plate 1, fig. 10. 

1929. L. trapezoidalis. Powell and Bartrum, Trans. N.Z. Inst. 60(3): 406, PI. 46, 
figs. 89, 90. 

The authors compared this species with L. solida, differentiating it on the 
straighter and more nearly parallel dorsal and ventral margins, and on the more 
regularly rounded anterior end. In these characters the species is more typical 
of Lutraria than is L. solida. The internal characters were not described or figured 
and have not been seen by the writer. Nevertheless, this is almost certainly a 
species of Lutraria , and it is likely to be ancestral to L. solida. 

In the New Zealand Geological Survey there are several fragmentary speci¬ 
mens of Lutraria from Target Gully, Oamaru (Awamoan). The hinge characters 
of these specimens agree with those of Lutraria solida. The shape of complete 
specimens cannot be determined. It seems likely that these specimens are L. trape¬ 
zoidalis, or a form close to it. Specimens from this locality were identified as 
L. trapezoidalis by Dr H. J. Finlay. 

A single small but almost perfect exterior of one valve of a Lutraria was 
collected by Mr P. Maxwell from the shellbed at the junction of Porter and 
Thomas Rivers, Castle Hill Basin, Canterbury (Awamoan?). This specimen is 
close to L. trapezoidalis , but has an anterior end more like that of L. solida. The 
Awamoan specimens are considered to represent a form intermediate between 
trapezoidalis and solida , although much closer to the former. These specimens 
are all identified as L. cf. trapezoidalis until better material is collected. 

Dimensions of large paratype: height, 51mm; length, 105mm. 
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Dimensions of figured specimen (TM3852): height, 37.0mm; length, 82.0mm. 

The holotype and only paratype, in the Auckland Institute and Museum, are 
from Little Oneroa Bay, YVaiheke Island, Auckland (Otaian). The species is also 
recorded from Squadron Bay, Waiheke Island (Otaian) by Powell (1938: 363). 


Subfamily RESANIINAE Marwick, 1931 

1931. Marwick, N.Z. Geol. Surv. Pal. Bull. 13: 73. 

Shell thin and laterally compressed, gaping a little at both ends, very elongate; umbones 
behind the mid-point, low and inconspicuous. Pallial sinus short to moderate. Hinge Spisu- 
loid, very compact, with lateral teeth reduced. Resilifer narrow, bent very strongly down 
from the hinge plate, supported by and fused to a thickened portion of the shell. Posterior 
arm of the left cardinal tooth extending over the resiliary pit, with a posterior accessory 
lamella also overhanging the pit. Anterior right cardinal obscure, coalescent with the 
anterior ventral lateral tooth; posterior right cardinal extending over the resiliary pit; 
right anterior dorsal lateral reduced or absent, right posterior laterals both present but low 
and thin. Foot large; siphons small and retractable; mantle lobes completely separate 
ventrally. 

Marwick introduced the Subfamily Resaniinae for Resania Gray, 1852, with¬ 
out diagnosis or reasons for separation from the Zenatiinae, in which Dali (1895: 
212) placed Resania . Gill and Darragh (1963: 179) removed Resania and Darina 
Gray, 1852, from the Zenatiinae as redefined by them, apparently being unaware 
of Marwick’s action. The writer agrees that this subfamily should be recognised, 
as it contrasts strongly with the Zenatiinae in all significant characters. I have 
defined the subfamily so as to include Darina , but it should be noted that Darina 
may not be closely related to Resania. The resilifer of Darina resembles that of 
the Mactrid Subfamily Anatinellinae and the Family Mesodesmatidae. Darina 
inhabits the coasts of Southern South America. 


Genus Resania Gray, 1852 

Type species, by original designation: Resania lanceolata Gray. Recent, New 
Zealand. 

Synonyms: Vanganella Gray, 1853; Myomactra Mayer, 1876; Laminaria 
Mayer, 1876. 

Shell thin and fragile, little inflated; umbones a little behind the mid-point, very in¬ 
conspicuous. Central third of the valve a little thickened, with a prominent radial rib 
behind the anterior adductor muscle scar and a second one (occasionally bifurcating) in 
front of the posterior adductor muscle scar. Resilifer bent below the hinge plate, at an 
angle of 50 to 65 degrees to the axis of the dorsal margin, parallel, fused to and supported 
by the posterior callus ridge. Cardinal socket marked off from the resiliary pit by the 
low dorsal wall of the pit only, with the posterior arm of the left cardinal (and its low, 
thin accessory lamella) and posterior right cardinal projecting a little over the resiliary 
pit. Right anterior dorsal lateral tooth present, but very thin and weak. Left ventral lateral 
and right laterals situated on the edge of the hinge plate, comparatively strong and 
prominent. Hinge plate concave, joined to the valve a little below the dorsal margin. 
Anterior muscle scars confluent, elongate parallel to the hinge plate, with a groove parallel 
to the hinge plate across the adductor scar from its point of junction with the pallial line 
at the anterior third of the scar. A similar groove crosses the posterior adductor scar at 
the anterior tenth of the scar. Posterior muscle scars confluent, with a fairly large pedal 
retractoi , adductor scar elongate parallel to the long axis of the shell. Pallial sinus re¬ 
stricted by the posterior callus rib, broad, short, and square, directed slightly upwards. A 
short deep lunule on the hinge plate just anterior to the lateral teeth bears a periostracum 
in fresh Recent specimens. The dorsal posterior part of the margin of the valve curves 
outwards a little and gapes much more than any other part of the margin. A faint external 
croove runs from the lower edge of this gape to the umbo, and the dorsal area enclosed 
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by this groove bears more prominent growth lines than the rest of the shell, and also has 
faint irregular wrinkles as in Zenatia. The rest of the external surface is lightly polished 
and nearly smooth, with faint concentric growth lines. A medium-brown periostracum 
occurs on Recent specimens. Mantle margins entirely separate. Siphons naked, slender, 
united to their tips. Ctenidia of the two sides highly asymmetrical. 

The genus is known only from New Zealand. 


Criteria in Taxonomy 

The following is a brief review of the characters useful in distinguishing species 
of Resania , and of how these were measured. 

1. The elongation: the relative elongation is the length divided by the height. 
It is the most useful character of these shells, as it can be determined from ex¬ 
teriors. The specimens available gave three groups of values, which are each 
given full species rank. Of these, two groups of values are rather close together, 
and the third is very different. 

2. The angle between the radial callus ribs: as would be expected, this angle 
is smaller in the shorter forms and larger in the longer ones. As the ribs are some¬ 
what curved, this angle could be estimated to the nearest 5deg. only. 

3. The amount of depression of the resilifer below the hinge plate: there is 
some evidence that this may be less in the elongate form than it is in the shorter 
forms. However, this feature is very variable in Recent specimens, and many 
more fossils must be examined before it can be assessed. 

These characters are all highly variable in Resania , and as fossils are very rare 
the systematics of this genus are not yet clear. 

Resania lanceolata Gray, 1852. Text-fig. lb. 

1852. R. lanceolata. Gray, Ann. Mag. Nat. Hist. 2(X): 43. 

1913. R. lanceolata Gray. Suter, Man. N.Z. Moll. 973, PI. 60, figs. 7, 7a. ^ruu 
earlier synonomy given.) 

The angle between the two callus ribs is about 65 to 75 degrees, averaging 
70.0 degrees in 40 specimens, and the ratio of length to height ranges from 1.9 to 
2.2. The resilifer is bent downwards at an angle of 50 to 65 degrees to the long 
axis of the shell. An excellent account of the anatomy is given by Dali (1899: 85) 
and repeated by Suter (1913: 974). 

Localities: Recent specimens have been seen from the following localities: 
dunes behind beach just south of Houhora Heads, Northland; Takapuna Beach, 
Auckland; Buffalo Beach, Whitianga; Ohope Beach, Whakatane; Opotiki, Bay 
of Plenty; Napier; Paraparaumu Beach, Wellington; beach half mile south of 
Cape Foulwind, Westland; Big Bay, South Westland; Colac Bay, Southland. The 
species thus ranges throughout the two main islands, but is not known from 
Stewart Island, the Chatham Islands or the Subantarctic islands. 

Fossil specimens have been seen from: G.S.3750, dunes near Mother Brown’s 
Stream, Buffalo Beach, Whitianga (Hawera Series); G.S.4151, Brunswick Pebbly 
Sand on spur leading south-east from Mt. Jowett, Wanganui District (Hawera 
Series) ; Zethalia sands, first loc. at east end of cliffs opposite Gladstone Hotel, 
Central Wairarapa (Nukumaruan; Beu colln.). The last specimens cannot be 
definitely identified as R. lanceolata as they are very fragmentary. 

Figured specimen: the specimen figured in text-figure lb is the left valve of 
Suter’s (1913) hypotype, from New Brighton Beach, Christchurch. 
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Dimensions 

Length: 102.0mm (Suter’s hypotype); 69.7mm to 114.0mm in 34 fossil and 
Recent specimens. 

Height: 48.2mm (Suter’s hypotype); 30.7mm to 59.8mm in 27 fossil and 
Recent specimens. 

Length/height ratio: 2.12 (Suter’s hypotype) ; 1.89 to 2.23 in 27 fossil and 
Recent specimens. 

Angle between callus ribs: 70 degrees (Suter’s hypotype) ; 65 to 75 degrees 
in 40 fossil and Recent specimens. (Average — 70.0 degrees.) 


Resania exoptata Bartrum and Powell, 1928 

1928. R. exoptata. Bartrum and Powell, Trans. N.Z. Inst. 59(1): 159, PI. 59, 

figs. 13, 14. 

The authors distinguished this species from R. lanceolata by the straighter 
dorsal margin and in “ the distinctly raised nature of the posterior dorsal surface ”. 
The latter character is unimportant as it does not seem to be very marked and 
occurs on some Recent specimens of R. lanceolata. The first character is useful 
as it indicates that this form has a more elongate shell than that of R. lanceolata. 
The dimensions given by Bartrum and Powell indicate length to height ratios for 
the holotype and paratype of 2.41 and 2.29 respectively. This almost overlaps 
the values for Recent specimens of R. lanceolata , but is considered to be signifi¬ 
cantly different and worthy ol recognition. I have not seen topotypes of this form. 

This species was described from Kaawa Creek, Waikato (Opoitian). 

A specimen from G.S.683, Esk Valley, Hawke’s Bay (Waitotaran) has the 
umbo and both ends missing. It is included in R. exoptata because dimensions 
estimated for the largest complete growth line indicate a length to height ratio of 
2.36, which falls between the two values for R. exoptata. 

Two specimens from G.S.5802, Whakapapa River, Tongariro S.D. (Tonga- 
porutuan) resemble R. exoptata in shape but only one dimension is measurable, 
so that the length to height ratios cannot be determined. The angle between 
the radial callus ribs of both specimens is about 65 degrees, which is at the lower 
limit of the range of R. lanceolata. This angle cannot be measured on other speci¬ 
mens of R. exoptata , so that its importance cannot be assessed. For the time being 
all Waitotaran and older short specimens of Resania are identified as R. exoptata. 


Holotype 

Valve 

Length 

Height 

l/h 

right? 

26.5 

11.0 

2.41 

Paratype 

left? 

62 

27 

2.29 

Esk Valley specimen 
(— estimated from largest com¬ 
plete growth line.) 

left 

33 + 

14+ 

2.36 


Resania elongata n.sp. Plate 1, fig. 4. 

Shell extremely elongate and low, the ratio of length to height being 3.01 in the 
holotype. Angle between the two radial callus ribs ranging from 80 to 85 degrees and 
averaging 83.33 degrees. Other internal characters apparently agreeing with those of 
R. lanceolata. In the one example where the resilifer is visible it is at an angle of 50 
degrees to the long axis of the shell. 
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Dimensions 


Holotype 


Valve 

right 

right 

right 

right 

right 

left 


Length Height 
65.0 21.6 


Angle Between 
1/h Ribs 

3.01 85 


Paratype, Waikohu S.D. 
Paratype, Igneous Conglomerate 


Paratype, Mohaka 
Paratype, Mohaka 
Paratype, Mohaka 


20.6 


80 

85 

80 

85 

85 


Six specimens—average rib angle = 83.3 degrees. 


The elongation of this species is strikingly greater than that of either 
R. lanceolata or R. exoptata, and even poor casts are determinable on sight. The 
single value for the depression of the resilifer is at the lower limit of the values 
for R. lanceolata , and is a possible primitive feature of this species. The species 
is based on an almost complete interior and its mould (the holotype), several 
other rather poor internal moulds, and one complete exterior (a topo-paratype). 
Except for its shape, the exterior appears to be as in R. lanceolata. 

Localities: G.S.680, “Mohaka Crossing”, Hawkes Bay, A. McKay, exact 
locality unknown (Tongaporutuan; holotype and several para types) ; G.S.1317, 
sandstone on ridge above Totangi Stream, near Te Karaka, Waikohu S.D., Gis¬ 
borne, E. A. Leach, 1927 (Opoitian; 1 paratype) ; boulder of the Igneous Con¬ 
glomerate (?), second stream south of Ihungia Road, Tokomaru S.D., Gisborne, 
A. G. Beu, Jan. 1963 (Otaian; 1 paratype). It should be noted that the origin 
of the boulder from which the last specimen came is unknown, and the occurrence 
of Olivella in the boulder indicates that it is probably several stages younger 
than Otaian. In the absence of definite information this specimen is not very 
useful. All that can be said is that the conglomerate is probably older than the 
above Tongaporutuan record. 

Figured specimen: the specimen figured in Plate 1, fig. 4, is the mould of the 
interior of the holotype (TM3846). This has the shell adhering at each end, 
and thus indicates the shape better than any other known specimen. 

Since the above was written a collection from a block of sandstone trawled 
in six fathoms, quarter to half a mile off Gees Point, Oamaru, has been received 
by the Geological Survey from Mr J. Graham of Oamaru. It contains a small 
incomplete specimen of Resania elongata n.sp., in which the angle between the 
callus ribs is about 85 degrees. The collection also contains Maorimactra chrydaea 
(Suter) and Callusaria obesa (Marwick) and is therefore of Opoitian age. The 
occurrence greatly extends the known geographic range of Resania elongata, but 
does not appear to alter significantly the paleogeographic arrangement of species 
proposed later in this paper. 


Subfamily ZENATIINAE Dali, 1895 (restricted) 


Shell elongate, thin, laterally compressed, highly inequilateral, gaping moderately at 
each end; umbones very low and inconspicuous, one-third to one-fifth of the shell length 
from the anterior end. Anterior muscle scars all separate; posterior muscle scars con¬ 
fluent, with a very small pedal retractor; pallial sinus very deep. A narrow to broad 
lunule occurs on the anterior dorsal margin of the valve or on the anterior portion of 
the hinge plate. Hinge Mactroid; resilifer subtriangular to triangular, directed backwards, 
depressed 10 to 20 degrees below the hinge plate; cardinal teeth large and prominent, 
rest of dentition reduced. Accessory lamella of the left posterior cardinal present, moderate 
to small, situated between the large cardinal and the low Mactroid ridge; left anterior 
moderately large; left and right posterior laterals absent, or extremely small and situated 
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on the margin behind the rather long ligament; right anterior laterals absent. Mantle 
margins fused; foot small; siphons very long, joined to their tips, naked, contractile but 
not retractable within the shell. 

The subfamily is found only in New Zealand and Southern Australia. 


Criteria in Taxonomy 

The following characters are useful in distinguishing genera and species m 
the Zenatiinae. 

1. The strengthening ridge: this is a ridge of callus running across the 
anterior of the valve from beneath the hinge. In the Australian genera it is 
comparatively high, long and prominent, while in the New Zealand genera it is 
weak. In Zenatiopsis its direction and position relative to the cardinal teeth 
are useful in distinguishing species. 

2. The lunule: in Zenatia acinaces there is a rather large, striated, concave 
area on the anterior surface of the hinge plate. This is generally referred to 
as a lunule, although it is not a typical one. In the Australian genera it is repre¬ 
sented by a narrow flat area on the anterior dorsal margin of the shell, and it 
is conspicuous in all New Zealand species. The shape of this lunule and its 
angle relative to the hinge plate in the dorso-ventral plane are the most useful 
characters in distinguishing species of Zenatia. 

3. The cardinal angle: the angle between the cardinal teeth of the right 
valve or between the arms of the cardinal tooth of the left valve is here termed 
the cardinal angle. The size of this angle is useful in distinguishing the three 
lineages, and to a lesser extent different species, of Zenatia. This angle was 
measured on the inner sides of the teeth of the right valve and on the outer 
sides of the tooth of the left valve, as these two surfaces are the ones that meet 
and are the only ones that give the same value in both valves of one shell 

4. The anterior muscle scars: there are three separate anterior muscle scars 
in the Zenatiinae, the adductor scar and two small higher scars which are pre¬ 
sumed to be those of pedal retractor muscles. In the Australian genera the pedal 
retractor scars are small and situated on the top of the callus rib, in front of 
the resilifer. In the New Zealand genera they are larger and somewhat lower 
down and are therefore more obvious, and their position is useful in distinguish¬ 
ing species in some cases. 

5. The groove across the anterior adductor muscle scar: a faint groove runs 
across the anterior adductor muscle scar of many Mactrids, from the point 
where the pallial line joins the scar. Grooves occur on both adductor scars in 
Resania, but I have not seen it on the posterior scar of any other genus. It is 
very faint in Australian Zenatiinae, which have very thin shells and only slightly 
impressed muscle scars. In Zenatia the groove is well defined and crosses the 
scar diagonally at. the centre in almost all species. Zenatia acinaces differs from 
all other species in having this groove verv near to the anterior edge of the 
adductor scar. 

j* Shape of the posterior end: the Australian genera and the new New Zea¬ 
land subgenus Zenatraria have the posterior end regularly rounded, while that of 
Zenatia s.s. is roundly quadrate, with a straight posterior margin inclined slightly 
backwards so that it projects near the dorsal margin. The degree of angularity of 
t is end varies greatly between, different populations of the same species, and in 
some (e.g., the Recent New Brighton population of Zenatia acinaces) it is rather 
rounded. In general, however, it seems to provide a good distinction between 
Zenatia and Zenatraria . 
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7. Shape of the anterior end: the anterior outline is regularly rounded in 
almost all Zenatiinae, often with a slight flattening of the anterior dorsal margin 
caused by the lunule. The flattening is much more pronounced in Zenatraria 
new subgenus, producing a straight anterior dorsal margin. 

8. The umbones and dorsal area: on almost all Zenatiinae the umbones are 
very inconspicuous and little inflated, and there is only a slight posterior dorsal 
flattening of the shell. In Zenatraria new subgenus the umbones are a little more 
inflated, and there is a distinct flattened dorsal area behind the umbo. 

9. Details of the hinge: the Australian genera may be distinguished from 
Zenatia s.l. by the fact that the left accessory cardinal lamella is comparatively 
very large and confluent with the anterior wall of the resiliary pit. The latter 
feature is slightly developed in the Zenatia flemingi lineage, but usually in 
Zenatia the posterior arm of the left cardinal tooth is confluent with the anterior 
wall of the resilifer and the accessory lamella is very small and situated above 
the top of the pit. Apart from this the hinges of Zenatiinae are remarkably 
uniform and not useful in lower taxonomy. 


Occurrence and Preservation of Specimens 

The internal characters of a specimen of Zenatia must be known before its 
species can be determined. Specimens satisfying this requirement are known only 
from the Duntroonian, Waitakian and Awamoan Stages, and the stages of the 
Wanganui Series—i.e., the stages in which relatively soft shallow water sedi¬ 
ments are known. Specimens have been examined from many shallow water 
concretionary sandstones of the Southland and Taranaki Epochs, but these 
rarely show any internal characters. The direction in which evolution proceeded 
in those epochs is shown by a few specimens from the Altonian and Tonga- 
porutuan Stages that show the lunule only. Two indeterminable specimens of 
Zenatia from the Whaingaroan Stage (Lower Oligocene) are the oldest I have 
seen, and the early evolutionary history of the genus is therefore unknown. 

Latex casts were made from all available internal moulds, and in a few case* 
cardinal angles have been measured from these. 


Key to Genera of the Zenatiinae 


Callus rib strong: 

Umbo at anterior fifth . 

Umbo at anterior third .. 

Callus rib very weak: 

Umbo at anterior fifth . 

Posterior end roundly quadrate, shell 
little inflated with no dorsal area, 
anterior dorsal margin rounded or 
slightly straightened . . 

Posterior end rounded, shell moder¬ 
ately inflated, with a distinct dorsal 
area, anterior dorsal margin straight 


Genus Zenatiopsis Tate, Oligocene to Pleisto 
cene, Australia. 

Genus Zenatina Gill and Darragh, Pliocene 
to Recent, Australia. 

Genus Zenatia Gray, Oligocene to Recent, 
New Zealand. 


Subgenus Zenatia s.s. 


Subgenus Zenatraria new subgen., Pliocene 
and Pleistocene, N.Z. 
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Genus Zenatia Gray, 1853 


Tvpe species, by original designation: Zenatia zelandica Gray, 1853 (~ 

Lutraria acinaces Quoy and Gaimard, 1835), Pliocene to Recent, New Zealand. 


Subgenus Zenatia s.s. 

Anterior end regularly rounded, or with a slight straightening of the upper margin 
caused by the lunule. Posterior outline roundly quadrate. Shell very little inflated, with 
inconspicuous umbones. Callus rib very weak Lunule prominent, large, bevelling the 
anterior dorsal margin or flat on the anterior part of the hinge plate. Left posterior 
cardinal tooth confluent with anterior wall of the resiliary pit, or a little on either side 
of this; accessory lamella of the left posterior cardinal very small, usually situated in the 
angle in the top of the resilifer, but occasionally further forward than this and bending 
even further forward at the base to join the anterior wall of the resiliary pit. Anterior 
pedal retractor scars separate, two in number, elongate, situated between the resilifer and 
the anterior adductor muscle scar, parallel to each other and to the adductor scar; the 
upper one oval and rather short, the lower rectangular, long and narrow. Exterior sculp¬ 
tured with concentric growth lines, and with weak irregular radiating wrinkles on the 
posterior dorsal surface. 

The subgenus occurs only in New Zealand, where its known time range is 
Oligocene to Recent. 


Zenatia acinaces (Quoy and Gaimard, 1835). Text-figs. 2a, b; Plate 1, figs. 9, 

11, 12 

1835. Lutraria acinaces. Q. & G., Voy. Astrol. 3:545, PI. 83, figs. 5, 6. 

1873. Lutraria sulcata. Hutton, Cat. Tert. Moll.: 19. 

1913. Zenatia acinaces (Q. & G.) Suter, Man. N.Z. Moll.: 971, PI. 60, figs. 6, 6a 
(full earlier synonomy given). 

This is the common Zenatia of Lower Pliocene to Recent faunas. Other 
forms are known from several stages of the Wanganui Series, but are rather rare 
and always allopatric. In Z. acinaces the adult lunule is broad, short and con¬ 
cave, situated on the inner surface of the hinge plate just in front of the hinge, 
and sloping inwards towards the top of the shell; its lower margin is sinuous, 
curving up from the front and down at the back and then rising sharply approxi¬ 
mately parallel to the left anterior lateral tooth, or right anterior cardinal tooth. 
In most populations the lunule does not affect the anterior dorsal outline of the 
shell, and the anterior end is regularly rounded. However, in some large speci¬ 
mens in a few populations (e.g., from a few fathoms at Lyall Bay) the lower 
end of the lunule passes on to the anterior margin of the shell and causes a 
slight straightening of the outline. 

The cardinal angle was measured in 23 Recent and 26 Fossil specimens and 
found to average 66.72deg. The range was 54 to 84deg., but the extremes are 
rare. The resiliary pit has a shallow anterior groove and a very low central 
radial ridge. There is a raised area in the top of the pit, filling about the dorsal 
quarter, occasionally having a distinct square raised edge but usually spreading 
out over the pit. Most of these minor details are rather variable. The groove 
across the anterior adductor muscle scar is situated very close to the anterior 
edge of the scar in adult specimens, and serves to distinguish Z. acinaces immedi¬ 
ately from all other species. 

Young specimens of Z. acinaces have the lunule in the form of a narrow 
flat bevel on the anterior dorsal margin of the shell, sloping strongly outwards 
towards the top, and causing a distinct straightening of the ^margin. They also 
have the groove running diagonally across the centre of the anterior adductor 
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muscle scar. The average of the cardinal angles of 18 small Recent specimens, 
showing the juvenile form in the above features, is 71.05deg. This is slightly 
greater than in adult specimens, but seems to have little significance. A growth 
series of Recent specimens from Takapuna Beach, Auckland, shows that be¬ 
tween the lengths of 40 and 50 millimetres the lunule grows gradually inwaras 
and assumes the adult form, and the groove across the anterior adductor scar 
grows gradually forwards to near the anterior edge of the scar. These two char¬ 
acters are precisely those which are most useful in distinguishing species, and 
the variation with ontogenic age described here shows that care must be taken 
in identifying fossil specimens, as these are generally of small size. 

As noted by Suter (1913: 972), Recent specimens from deeper water (20 
to 60 metres) are generally less than 50 millimetres long and have more or less 
excavated dorsal margins, “ but between these and the large forms all inter¬ 
mediate grades are found ”. These specimens show the juvenile type of lunule 
and anterior adductor groove. Most fossils seen are juveniles, and it may be 
possible to estimate depths of deposition from these if they have strongly down- 
curved dorsal margins. 

Recent localities: In this study Recent specimens were examined from the 
following localities: Taipa and Cooper’s Beaches, Doubtless Bay, Northland; 
Bay of Islands; Takapuna Beach, Auckland; Auckland Harbour; Buffalo Beach, 
Whitianga; Opotiki, Bay of Plenty; Waikanae Beach, Gisborne; Napier; Para- 
paraumu Beach, Wellington West Coast; Eastbourne, Wellington Harbour; 
Lyall Bay, Wellington; 16 fathoms, Queen Charlotte Sound, Marlborough; New 
Brighton Beach, Christchurch (including Suter’s hypotype); and Colac Bay, 
Southland. 

I have not been able to find records of Z. acinaces from Stewart Island, the 
Chatham Islands or the Subantarctic islands. The species therefore occurs 
throughout the two main islands of New Zealand. Its time range is Opoitian to 
Recent. 

Localities of fossil specimens: Fossil specimens of Z. acinaces have been seen 
from about 60 localities from Wanganui, Hawkes Bay, Wairarapa, Marlborough 
and North Canterbury, and from the Hawera Series and all stages of the Wanga¬ 
nui Series. They are rare in the Waipipian and Opoitian Stages, but common 
in all other stages, and the individual records have not been listed as they are 
so numerous. 


Dimensions of Large Specimens 

Length: 92.2mm (Suter’s hypotype) ; 54.0 to 119.2mm in 30 fossil and Recent 
specimens. 

Height: 44.1mm (Suter’s hypotype); 18.8 to 53.0mm in 32 fossil and Recent 
specimens. 

Double inflation: 15.1mm (Suter’s hypotype); 13.5 to 25.8mm in 11 fossil 
and Recent specimens. 

Cardinal angle: 54 degrees (Suter’s hypotype); 54 to 84 degrees in 49 fossil 
and Recent specimens (average = 66.72deg.). 


Dimensions of Recent juvenile Specimens 

Length: 38.4mm to 54.8mm in 17 specimens. 
Height: 15.7mm to 23.7mm in 17 specimens. 
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Text-fig. 1. (All figures natural size.) a— Lutraria solida Hutton, interior of a small 
specimen, Nukumaru. b —Resania lanceolata Gray, interior of left valve of Suter’s hypo- 
type, New Brighton, c —Zenatia (Zenatraria) waipipiana n.sp., interior of left valve of 
paratype, Waipipi. d —Zenatia (Zenatraria) vellai n. subgen, n.sp., interior of nght 

valve of holotype. 

— A. G. B. del. 
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Double inflation: 6.5 to 10.2mm in 7 specimens. 

Cardinal angle: 60 to 79 degrees in 18 specimens (average = 71.05deg.). 

Zenatia acinaces is distinguished from all other species by the form of the 
lunule, and more readily, by the position of the line across the anterior adductor 
muscle scar. 

As noted by Boreham (1965: 70) the type of Lutraria sulcata Hutton comes 
from Motunau, North Canterbury, and is probably Waitotaran in age. It con¬ 
sists of a slab containing several broken and decorticated specimens of a Zenatia. 
As Zenatia flemingi is known only from Otahuhu (see below) and Zenatia 
acinaces is widespread in Waitotaran strata, L. sulcata is presumed to be a 
synonym of Zenatia acinaces. 

Figured Specimens 

A recent specimen (TM3851) from Lyall Bay, Wellington (Plate 1, figs. 
11, 12) shows extreme down-curving of the dorsal margin and up-curving of 
the ventral margin in a large specimen from shallow water, and also shows the 
pallial line, sinus and muscle scars unusually clearly. 

The specimen figured in Text-fig. 2a is a Recent specimen (TM3850) from 
Kona Bay, Wellington Harbour, and represents an average specimen of the 
species. It is the normal harbour and ocean beach form. 

Suters (1913) hypotvpe (TM3849) is figured in Plate 1 , fig. 9, and in Text- 
fig. 2b. This specimen is from New Brighton Beach, Christchurch, and is un¬ 
usual in having a straight dorsal margin, non-parallel dorsal and ventral margins, 
an unusually well rounded posterior outline and a rather narrow lunule. Other 
specimens from the same locality have parallel dorsal and ventral margins but 
are otherwise similar. The straight dorsal margin, rounded posterior outline 
and narrow lunule seem to be peculiar features of this population. 

Zenatia cf. acinaces (Quoy and Gaimard, 1835) 

A fairly large internal mould of Zenatia from G.S.4576, Rowallen S.D., 
Southland (Tongaporutuan), and two similar internal moulds from G.S.68C)’ 
Mohaka Crossing, Hawkes Bay (Tongaporutuan), have narrow lunules flat on 
the hinge plate, parallel to the dorso-ventral axis of the shell, not broad, con¬ 
cave and sloping inwards as in typical Z. acinaces. I have not seen the internal 
characters of any other Tongaporutuan specimens, or any specimens at all from 
the Kapitean Stage. For the time being all Zenatia from the Taranaki Series 
are identified as Z. cf. acinaces , and Southland Series specimens (which are 
nearly always poorer than the Taranaki Series ones) are assigned rather arbit¬ 
rarily to the following species for the reasons discussed under that species. The 
Taranaki Series forms are thought to belong to a new species intermediate 
between Z. acinaces and Z. cretacea (Woods), but description of this form must 
await the discovery of better specimens. 

Localities 

Kapitean: “Upton Series”, Lower Awatere Valley, Marlborough (King, 
1934: 16). Tongaporutuan: G.S.680. Mohaka Crossing,' Northern Hawkes Bay- 
G.S.1066, Okaihae Rcl., Rangi S.D., North Taranaki; G.S.1150, Junction Tonga- 
porutu and Rapakino Rivers, North Taranaki; G.S.1152, Mangaroa-Tonga- 
porutu Rd., North Taranaki; G.S.1122, Oweka Ck., Matakaoa S.D.', Cape Run¬ 
away; G.S.3348, Shellbed, Kaiwara River, North Canterbury; G.S.5625, Alton 
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Figs. 1-3— Zenatia cretacea (Woods). Fig. 1—holotype, 44.0 x 18.5mm; figs. 2, 3—exterior and interior 
of a right valve, Tengawai River, 60.0 x 23.6mm. Fig. 4 — Resania elongata n.sp., holotype, 65.0 x 25.6mm. 
Figs. 5, 8 — Zenatia ( Zenatraria) vellai n. subgen., n. sp., holotype, interiors of left and right valves and 
exterior of right valve, 95.8 x 46.5mm. Fig. 6— Zenatia ( Zenatraria) waipipiana n. sp., holotype, exterior 
of left valve, 90.4 x 41.6mm. Fig. 7— Zenatia tepikiensis n. sp., holotype, exterior of left valve, 49.5 x 
29.2min. Fig. 9— Zenatia acinaces (Quoy and Gaimard), exterior of left valve of Sutcr’s hypotypc, New 
Brighton, 92.2 x 44.1mm. Fig. 10— Lutraria cf. trapezoidalis Powell and Bartrum, exterior of a left valve, 
Castle Hill Basin, 82.0 x 37.0mm. Fig. 11—Enlargement of the anterior end of Fig. 12. Fig. 12— Zenatia 
acinaces (Q. and G ), interior of right valve, Lyall Bay, 92.9 x 42.2mm. 
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Text-fig. 2.—(All figures natural size.) a —Zenatia acinaces (Q. & G.), interior of a left 
valve, Rona Bay, Wellington Harbour, b— Zenatia acinaces (Q. & G.), interior of le» 
valve of Suter’s hypotype, New Brighton, c—Zenatia cretacea (Woods), interior of a right 
valve, G.S.5177, Tengawai River, d— Zenatia tepikiensis n.sp., interior of left valve of ho o 
type, e Zenatia flemingi Marwick, interior of right valve of holotype. 

—A. G. B. del. 
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S.D. Southland; G.S.4576, Rowallen S.D., Southland; G.S.1535, 5802, Waka- 
papa River, Tongariro S.D.; Hurupi Stream, Palliser Bay (Beu Colin.) 

Dimensions: The single measurable specimen, from Rowallen S.D., Southland, 
has a height of 28.7mm and a cardinal angle of 62deg. 


Zenatia cretacea (Woods, 1917). Plate 1, figs. 1-3; text-fig. 2c. 

1917. Cultellus cretaceus. Woods, N.Z. Geol. Surv. Pal. Bull. 4: 31, PI. 16, fig. 9. 

The holotype of Cultellus cretaceus is a specimen of Zenatia, closely re¬ 
sembling Lower Tertiary specimens. The matrix is an extremely hard concre¬ 
tionary fine sandstone, quite different from the Calcareous Conglomerate of 
Amuri Bluff, from which it is purported to have come. Other blocks of the same 
matrix in this collection in the Geological Survey (G.S.13) contain a few large 
specimens of Modiolus, one of which was figured by Woods (1917: PI. 9, fig. 7) 
as M. cf. typica Forbes, and a single internal mould of Maoricrypta. There are 
thus no definite Cretaceous fossils in the matrix. A portion of the block con¬ 
taining Modiolus was examined for plant microfossils by Mr G. Wilson, of the 
New Zealand Geological Survey. He reported (pers. comm., 18 May 1965) that 
the sample contained an assemblage of Tertiary pollen, including Compositae, 
so that the age is Altonian at the oldest. The specimens mentioned therefore 
came from a Tertiary concretion, probably from the Southland Series, and pos¬ 
sibly from the “Grey Marls 55 at Amuri Bluff (Glifdenian at the youngest), 
although no molluscs have been collected from this formation. Zenatia cretacea 
is therefore of Tertiary age, and the name must be used for the New Zealand 
Lower and Middle Tertiary species. 

The holotype is a single left valve, consisting of an interior mould of the 
anterior end and the exterior of the shell of the posterior two-thirds of the valve. 
Muscle scars and the pallial line are not visible, but there is an internal mould 
of the hinge and a narrow portion of the lunule. The cardinal angle is about 
60deg. The lunule was evidently narrow and inclined at an angle of about 30 
or 40deg. to the hinge plate, and is slightly curved in the direction of the long 
axis of the shell. 

Dimensions of holotype (incomplete) : Length, 44.0mm; height, 18.5mm. 

The following description is based on an incomplete right valve from G.S.5177, 
three-quarters of a mile below Clelland’s Bridge, Tengawai River, Canterbury 
(Awamoan). This specimen is the most complete yet known that is entirely free 
of matrix. 


Redescription 

Shell small for the genus, very little inflated. Adult lunule as in juveniles of Z. acinaces , 
straight, narrow, bevelling the anterior dorsal margin at an angle of 40 to 70deg., causing 
a slight straightening of the anterior dorsal outline. In the largest specimens, which are 
presumably adult and are up to 60mm long, the lunule retains this form. In all speci¬ 
mens of Z. acinaces of this size the lunule has changed to its adult form. The groove 
across the anterior adductor muscle scar is central, as in juveniles of Z. acinaces. The 
holotype and other large specimens have adult proportions, whereas specimens of Z. acinaces 
of the same size are comparatively very tall and look only half grown. The anterior out¬ 
line is not as regularly rounded as in other species of Zenatia s.s. as it curves back more 
rapidly at the base and has a slight straightening at the top caused by the lunule. The 
average cardinal angle of 18 specimens (excluding the holotype) is 72.72deg., which is 
little different from that of Z. acinaces. Hinge very similar to that of Z. acinaces. Anterior 
pedal retractor muscle scars narrow and oval, positioned as in Z. acinaces. Anterior 
adductor muscle scar oval and prominent, with a well-marked groove running diagonally 
across the centre as in juveniles of Z. acinaces. Pallial line joining anterior adductor scar 
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low down on the front edge of the scar, at the bottom of the diagonal groove. Pallial 
sinus incomplete, apparently typical. Posterior adductor muscle scar rather elongate and 
roundly trigonal, positioned as in Z. acinaces. 


Dimensions: 


Figured specimen 
Tengawai River 
Tengawai River 
Miller Rd., Duntroon 
Wharekuri 


Length 

Height 

Cardinal 

Angle 

60.0 

23.6 

75 

51.2 

18.2 

— 

57.4 

21.8 

76 

57 + 

22+ 

65 

58.5 

26.0 

— 


The average cardinal angle of 18 specimens = 72.72deg. 


Localities 

Altonian: Concretion in Kaiwhata River 1 mile below Ngahape, Central 
Wairarapa district (Ben Colin.). 

Awamoan: G.S.951, Target Gully Shellbed, Oamaru; excavation for septic 
tank, South Oamaru (P. Maxwell Colin.); Awamoa Creek, Oamaru (P. Max¬ 
well Colin.) ; Awamoa Beach Boulders, Oamaru (Finlay Colin., Auckland 
Museum) ; Pukeuri Cutting, north of Oamaru (Finlay Colin., Auckland 
Museum); G.S.958, Old Rifle Butts, Oamaru; G.S.1958, Ardgowan Shellbed, 
Oamaru; G.S.5177, three-quarters of a mile below Clelland’s Bridge, Tengawai 
River, Canterbury; G.S.5591, Sutherland’s, Tengawai River; G.S.3236, Trig. k.. 
Kakahu River, South Canterbury. 

Waitakian; G.S.178, 5637, “ Xenophora beds”, Miller Road, Duntroon; 
G.S.3600, Brydone, Mataura River, Southland; G.S.5640, behind Otekaike 
Special School, Waitaki Valley; G.S.1473, Trig Z, Otiake, Waitaki Valley; 
G.S.7166, Brothers Stream, Hakataramea Valley, South Canterbury. 

Duntroonian: G.S.1821, Wharekuri, Waitaki Valley; G.S.1897, 220 chs. north 
of Wendon Valley School, Wendon, Otago. 

Unidentifiable specimens probably belonging to this species have been seen 
from: G.S.1260, Pahaoa River, two miles west of junction with Wainuioru River, 
East-Central Wairarapa (? Waiauan) ; G.S.1151, Tongaporutu Rd., North 
Taranaki (Clifdenian or Lillburnian) ; G.S.908, Tongaporutu Rd., North Tara¬ 
naki (Altonian to Lillburnian) ; G.S.7778, North Esk River, North Canterbury 
(? Southland Series) ; Clifden band 8a, Southland (Finlay Colin., Auckland 
Museum) (Waiauan); Clifden band 8, Southland (Laws Colin., Auckland 

Museum) (Waiauan) ; Clifden band 7c, Southland (Finlay Colin., Auckland 

Museum) (Lillburnian); Clifden band 4, Southland (Laws Colin., Auckland 
Museum) (Altonian); G.S.7700, “Gan Sand”, Clifden band 7, Southland 

(Lillburnian); Mt Harris, Waitaki Valley (Suter Colin.) (Awamoan); G.S.2568, 
Waihaorunga Stream, South Canterbury (? Awamoan) ; G.S.935, Windmill 

Creek, Peebles, Waitaki Valley (? Awamoan) ; Oneroa and Squadron Bay, Wai- 
heke Id. (Auckland Museum; see also Powell, 1938: 363) (Otaian); G.S.999. 
Waimate Stream, 15 chs. west of Naike P.O., Awaroa S.D., Waikato (Whai- 
ngaroan). 

This species is distinguished by the small adult size, the shape of the anterior 
end, the narrow bevelled lunule and the central position of the groove across 
the anterior adductor scar. 

I here is a certain amount of variation in the lunule in populations examined. 
In Landon Series specimens the lunule tends to be more primitive, being narrower 
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and more nearly horizontal, and is often inclined at only 30 or 40deg. However, 
some specimens in all Landon Series populations have the lunule as in normal 
Awamoan specimens, and a few specimens in all Awamoan populations have 
the more primitive type of lunule. Although this variation is exactly that ex¬ 
pected in evolving organisms and fits in well with the phylogeny proposed below, 
it is not considered sufficient to distinguish two species as it is the only visible 
difference between Landon Series and Pareora Series populations. 

A single almost complete interior from G.S.2568, Waihaorunga Stream, 
South Canterbury (probably Awamoan) is of the same size as large specimens 
of Z. cretacea. It differs from all other pre-Taranaki Series specimens in having 
the anterior adductor muscle scar groove at the anterior edge of the scar, as in 
Z. acinaces. The lunule is as in typical Z. cretacea. This specimen must be re¬ 
garded as aberrant. 

Two very poor indeterminable specimens of Zenatia have been examined 
from G.S.999, Waimate Stream, Waikato (Whaingaroan). They are the earliest 
known specimens of the genus, but unfortunately are of no use in clarifying its 
early history. They are probably very close to Z. cretacea. 

Zenatia is rare in the Southland Series, specimens having been seen from 12 
localities. Of these, only two collections are useful for this study. There are 
several large, well preserved specimens with the cretacea lunule, but with no 
other internal characters visible, from a richly fossiliferous concretion from 
Altonian (?) mudstone in Kaiwhata River one mile below Ngahape, Central 
Wairarapa. Also, one specimen 42 millimetres long and two smaller ones from 
the “ Gari sand ”, Clifden Bed 7, Southland (Lillburnian) collected by Dr C. A. 
Fleming have the cretacea lunule, but being rather small could be juveniles of 
Z. cf. acinaces. Until the interiors of large specimens can be seen all South¬ 
land Series specimens are arbitrarily included under Z. cretacea as indetermin¬ 
able specimens. 

Figured specimens: PI. 1, fig. 1, is of the holotype (TM2542), previously 
figured by Woods (1917: PI. 16, fig. 9). All other figures are of the specimen 
from which the redescription was written (TM3845). 


Zenatia flemingi Marwick, 1948. Text-fig. 2e. 

1948. Z. flemingi. Marwick, N.Z. Geol. Surv. Pal. Bull. 16: 23, PI. 2, figs. 1, 
4, 12. 

This species was described from Otahuhu Brewery Well, South Auckland 
(Waitotaran), and good specimens are not known from any other locality. 

The shell is large, moderately inflated for Zenatia s. s., and rather thick and 
solid. The lunule slopes outwards towards the top of the shell as in Z. cretacea , 
but not as steeply as in that species, so that it hardly affects the anterior outline 
of the shell. The lunule is similar in shape and convexity to that of Z. acinaces, 
except that it extends a little further down the front edge of the shell. The 
lunule also has a less steeply angled posterior margin than in Z. acinaces , as it 
is parallel to much more widely spread cardinal teeth. The anterior adductor 
groove is central, as in Z. cretacea. The posterior arm of the left cardinal tooth 
is a little in front of the anterior wall of the resilifer rather than strictly con¬ 
fluent with it, and the left accessory cardinal lamella is parallel to and confluent 
with the top part of this wall. 

The major difference from the members of the Z. acinaces lineage is in the 
cardinal angle, which is much larger in Z. flemingi The cardinal angles of 22 
measurable specimens average 80.7ldeg., and range from 73 to 88deg. 
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The raised area in the top of the resiliary pit extends further down than in 
Z. acinaces, and overhangs the anterior groove of the pit. This groove is much 
deeper than in any other species. 

A great many small incomplete paratypes are present in the collection of 
the New Zealand Geological Survey, and the 22 of these with complete cardinal 
teeth have been measured. They are very constant in the essential characters 
of the species. 

Dimensions 

Length, 102.6mm; height, 45.2mm; double inflation, 24.6mm; cardinal 
angle, 86deg. (holotype). 

Length, 101.8mm; height, 44.3mm; cardinal angle, 73deg. (Marwick’s 
figured para type). 

The cardinal angle ranges from 73 to 88deg. in 22 specimens (average = 
80.71 deg.). 

Localities: G.S.3528, Otahuhu Brewery Well, South Auckland, complete 
double-valved holotype and many incomplete paratypes (Waitotaran); two in¬ 
determinable moulds from G.S.532, Glasson’s Creek, Manukau Harbour, Auck¬ 
land (? Waitotaran) are probably of this species. 

Figured specimen: the specimen figured in text-figure 2e is the right valve 
of the holotype (TM1369). This specimen is abnormal in having shallow 
roughened pits and callus deposits over the area beneath the resilifer. These 
deposits have affected the pedal retractor muscle scars, and thus apparently 
formed during life. 


Zenatia tepikiensis n.sp. Plate 1, fig. 7; text-fig. 2d. 

Shell very small, moderately inflated, with a strongly downcurved dorsal margin and 
a rather rounded posterior outline. Lunule as in juveniles of Z. acinaces and adults of 
Z. cretacea, narrow and bevelling the anterior dorsal margin. Anterior adductor groove 
central in position. Raised area in the top of the resilifer not developed, and pit having 
a moderately deep anterior groove. Posterior arm of the left cardinal tooth a little in 
front of the anterior edge of the resiliary pit, parallel to the lower part of the resilifer 
wall and with accessory lamella confluent with the upper part of the wall. Cardinal angle 
very large, ranging from 76 to 89deg. and averaging 87.75deg. in six specimens. 


Dimensions 

Locality 

Holotype, G.S.5833 
Topo-paratype, G.S.5833 
Topo-paratype, G.S.5833 
Topo-paratype, Beu Collection 
Topo-paratype, Beu Collection 
Topo-paratype, Beu Collection 

Average cardinal 


Valve 

Double 

Inflation 

Length 

Height 

Cardinal 

Angle 

double 

10.0 

49.5 

20.2 

86 

left 

— 

45+ 

21.1 

85 

right 

— 

— 

— 

88 

double 

_ 

53.2 

19+ 

87 

double 

_ 

_ 

16.5 

76 

left 

— 

— 

17.6 

89 


= 87.75 degrees. 


Locality: G.S.5833, road cutting on Whangaparoa—Hicks Bay road at Te Pikij 
four miles east of Whangaparoa, near Cape Runaway, East Cape district (Aotea 
Zone, Uppermost Castlecliffian); also several other collections from the same 
locality. 

All specimens I have examined are 53mm long or smaller, and as they have 
a downcurved dorsal margin it is thought that they are deep water specimens 
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of a form belonging to the Z. flemingi lineage. The cardinal angle is even larger 
than that of Z. flemingi. The characters of the resilifer and cardinal teeth are 
similar to those of Z. flemingi , but otherwise only juvenile characters are exhibited. 
The form that the lunule and anterior adductor groove would have in adults 
cannot be estimated from the available material, and the species is therefore 
poorly characterised. As there is a definite size limit at about 50 millimetres it is 
considered to be highly unlikely that adults will be collected from this locality. 
All other Castlecliffian Zenatia are typical Z. acinaces. Consequently, this form 
has been named from the available rather inadequate specimens in the belief that 
better material will not come to light. 

Figured specimen: the figures are all of the holotype (TM3844), the only 
complete double-valved specimen seen. It has small internal limy deposits which 
indiscriminately overlie muscle scars and surrounding shell, and seem to have 
formed after death. 

The occurrence of this form at Te Piki is yet another indication of the dis¬ 
tinctive nature of the molluscan fauna of this locality. The occurrence of peculiar 
forms of common Castlecliffian genera such as Murexsul, Penion , Buccinulum, 
Cominula and Glaphyrina (Powell, 1934), the occurrence of warm-water genera 
such as Heliacus, Agnewia , Capulus and Eunaticina (the last two occurring very 
rarely at Castlecliff) and the small size of the specimens of Pecten novaezelandiae 
aotea Fleming are all evidence that this area was considerably warmer in the 
Uppermost Castlecliffian than it is at the present day. In this light the fact that 
Zenatia tekikiensis is related to the warm-water Waitotaran Z. flemingi is not 
surprising. 


Subgenus Zenatraria new subgenus 

Type species: Zenatia ( Zenatraria ) vellai n.sp., Lower Pleistocene, New Zea¬ 
land. 

Shell comparatively strongly inflated, with a distinct flattened dorsal area behind the 
umbones, gaping moderately at each end. Umbones a little more prominent than in 
Zenatia s. s. Posterior outline regularly rounded. Lunule similar to that of Z. flemingi , 
long and rather narrow, sloping outwards at the top, causing a prominent straightening 
of the dorsal part of the anterior outline. Anterior adductor groove central. Anterior pedal 
retractor muscle scars inclined at a much lower angle than those of Zenatia s. s., the lower 
one close to or bevelling the posterior margin of the adductor scar. Cardinal angle very 
small, hinge otherwise typical. Resilifer with a moderately deep anterior groove. Adult 
size approximately as in Zenatia acinaces. Other characters as in Zenatia s. s. 

The cardinal angles of species of Zenatia fall into three distinct groups. In 
the Z. flemingi group they range from about 75 to 90deg., in the Z. acinaces 
group from about 60 to 80 degrees, and in the Z. vellai group from about 45 to 
60deg. These three groups are considered to be evolutionary lineages. The 
Z. flemingi group is morphologically similar to Zenatia s. s. and is not separated 
as a subgenus. Zenatia vellai is morphologically very distinct, having a more in¬ 
flated shell, more rounded posterior end, longer anterior end with a comparatively 
straight upper margin and long narrow lunule, and anterior pedal retractor muscle 
scars of a different shape and in a different position from those of Zenatia 
acinaces. The muscle scars in particular are considered to be highly significant, 
and are presumed to reflect a different anatomy from that of Z. acinaces. It is 
considered that Z. vellai has deviated sufficiently from the morphology of typical 
Zenatia to be placed in a separate subgenus. The new species Z. waipipiana has 
a similar cardinal angle to that of Z. vellai and has a rounded posterior end and 
a long straight dorsal anterior margin, but its muscle scars are little different from 
those of Zenatia acinaces. It is therefore thought to be on a line between Zenatia 
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s. s and Z. vellai, and in a phylogenetic classification seems best placed in the new 
subgenus Zenatraria. 

As yet the subgenus is known only from the Pliocene and Lower Pleistocene 
of New Zealand, and the members are rare shallow water forms. 

Zenatia (Zenatraria) vellai n. sp. Plate 1, figs. 5, 8; text-fig. Id. 

Shell rather thick and solid for the subfamily, with a very weak callus ridge behind 
the anterior muscle scars. Lunule long and rather narrow, sloping outwards towards the top 
of the shell, with a slightly sinuous lower margin. Anterior dorsal margin lightly curved, 
bent down at a low angle from the line of the posterior dorsal margin, comparatively very 
long and projecting well in front of the hinge. Anterior outline curved rather sharply 
at the dorsal third, below the dorsal straight portion, then curving lightly back and down 
to a low point below the posterior end of the resilifer. Ventral margin straight, rising a 
little behind the low point. Posterior dorsal margin straight. Cardinal angle very low, 
measuring 56deg. in the holotype and averaging 55deg. in the three known specimens. 
Posterior lateral teeth low but broad and long, situated within the lower edge of the hinge 
plate and apparently not functional. Posterior adductor muscle scar situated at the posterior 
third, large and rounded, slightly attenuate posteriorly, its dorsal anterior corner rounded 
and curving towards the hinge, confluent with a very small narrow posterior pedal retractor 
scar. Anterior adductor scar of very similar shape to that of Zenatia acinaces but with the 
groove running diagonally across the centre, the whole scar situated well in front of the 
hinge. Pedal retractor scars very different from those of all other species, the upper oval, 
deeply impressed and situated just behind the top of the adductor scar and parallel to its 
posterior dorsal margin; the lower of the same shape and size as the upper one, situated 
below it, parallel to and bevelling the centre of the vertical posterior margin of the adductor 
scar. External growth ridges and irregular wrinkles rather prominent. 


Dimensions 


Double 


Cardinal 

Height Angle 

46.5 56 

36.6 59 

— 50 


Inflation Length 
25.1 95.8 

21.0 80.3 


Holotype 

Paratype, Mangatautaua Stream 
Paratype, Hautawa Shellbed 


744- 


Average cardinal angle = 55.0deg. 


Localities: Nukumaru Brown Sand 50 yards east of easternmost outcrop of 
Nukumaru Limestone, coast west of Ototoka Stream, Wanganui, holotype, with 
valves joined as in life, A. G. Beu, July 1963 (Nukumaruan); G.S.2773, pebbly 
sand two feet above greywacke basement, Mangatautaua Stream, inland Mana- 
watu District, one paratype with valves joined as in life (Nukumaruan); G.S.3096, 
Hautawa Shellbed, Hautawa Road, four miles north of Kaikarangi Railway Station, 
Tiriraukawa S.D., one incomplete double-valved paratype with valves slightly 
offset, Superior Oil Co. Ltd. (type locality of the Hautawan Stage). 

Figured specimen: all figures are of the holotype (TM3841). 

1 he shape of the anterior end and position of the anterior pedal retractor 
muscle scars are peculiar to this species. 

Zenatia (Zenatraria) waipipiana n. sp. Plate 1, fig. 6: text-fig. lc. 
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the lower one divided in two at the anterior edge of the callus rib (as also happens in a 
few individuals of Z. acinaces) and very close to the posterior dorsal corner of the adductor 
scar. Posterior muscle scars not seen. Cardinal angle low, not visible in the holotype (a 
closed specimen) but ranging from 46 to 62deg. in four paratypes and averaging 56.25deg. 
External growth ridges prominent but radial ridges weak, tending to lie in rather straight 
lines parallel to the dorsal margin. 


Dimensions 


Holotype 

Paratype, Waipipi Formation 
Paratype, Waipipi Formation 
Paratype, Waipipi Formation 
Figured paratype, Waipipi Formation 
Paratype, Bremer Shell Grit 
Paratype, Rawhitiroa Track 

Average cardinal 



Double 



Cardinal 

Valve 

Inflation Length 

Height 

Angle 

double 

24.5 

90.4 

41.6 

— 

double 

23.9 

96.0 

38.0 

— 

left 

— 

82.1 

37.9 

58 

right 

— 

— 

32.9 

62 

left 

— 

— 

— 

46 

right 

— 

— 

— 

59 

right 

angle = 

56.25deg. 

60+ 

27.3 



Localities: G.S.4254, Waipipi Formation half a mile west of mouth of Wairoa 
Stream, near Waverley, Wanganui District, holotype and four paratypes (Waipip- 
ian); G.S.4250, Bremer Shell Grit one and a half miles west of mouth of Wairoa 
Stream and one third of a mile west of Snapper Point, near Waverley, Wanganui 
District, two incomplete paratypes (Waipipian) ; G.S.1167, Kapara, Taranaki, one 
incomplete paratype (Waipipian); G.S.1168, track between Rawhitiroa Road and 
Te Rere-O-Haupa Waterfall, Taranaki, one incomplete paratype (Waipipian) ; 
other poor speciments are known from G.S.1166, Ngamatapouri, Taranaki (Wai¬ 
pipian) and G.S.1172, Waingongoro River, South Taranaki (Waipipian). 

This species has the relatively great inflation, rounded posterior outline and low 
cardinal angle of Zenatraria. It is more like Zenatia s. s. in shape than is Z. vellai, 
and has pedal retractor scars similar to those of Z. acinaces . 

Figured specimens: the photograph in Plate 1, figure 6, is of the holotype 
(T.M.3842). This is a closed double-valved specimen. The paratype (T.M.3843), 
figured in text-figure lc is the only specimen in which the muscle scars can be seen. 


EVOLUTION 

Evolution of the Subfamilies 

It is thought that the burrowing mode of life has been evolved many times in 
the Mactridae, from many different starting points. Several elongate Mactrinae 
show progression towards a Lutraria type of morphology. Such forms generally have 
a groove across the anterior adductor muscle scar. Mactrinae I have examined 
which show this feature include Mactrotoma , Scalpomactra and Longimactra. 
These presumably burrow more deeply than short Mactrinae such as Mactra and 
Spisula. The Subfamilies Zenatiinae and Resaniinae represent two of the lines 
which have led to different types of burrowing. Probably the Subfamily Lutrariinae, 
as defined by Dali (1898), is a heterogeneous assemblage. It seems likely that all 
these lines had begun to evolve by the Eocene at the latest, as they have a fossil 
history from the Oligocene in most cases, and were then already fully developed. 
The elongate Mactrinae mentioned above indicate the sorts of forms these sub¬ 
families must have passed through in their evolution, but it is unlikely that they 
themselves represent the steps. 
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As the genus Spisula has a generalised morphology and the least complex hinge 
in the Mactridae, it seems reasonable to suppose that other Mactrids evolved from 
a shell of similar form to that genus. 


Evolution of Resania 

In the Tongaporutuan and Opoitian Ages (and presumably in the time between) 
two forms of Resania inhabited New Zealand. One was a very elongate form, 
elongata n.sp., and the other was considerably shorter and higher and is considered 
to have evolved into the Pleistocene and Recent R. lanceolata. 

As Resania is considered to have evolved from a Spisula type of shell, the more 
elongate form might be thought to be the more advanced. This is R. elongata, the 
oldest species. The relationship of the two types of shell is difficult to assess. It 
is possible that the groups diverged very early, e.g., in the Eocene, and one group 
evolved more rapidly than the other, producing the extreme R. elongata. The 
other group perhaps evolved more slowly, and was more tolerant of falling water 
temperatures in the Upper Tertiary, thus surviving to the present day as R. 
lanceolata. 

An alternative possibility seems more likely. In the exoptata-lanceolata group 
the direction of change of shape is the reverse of what would be expected 
if the more elongate form is the more advanced. All records of R. elongata are 
from the basin on the east side of the North Island, from Hawke’s Bay to north of 
Gisborne. Records of R. exoptata of the same age are from the basins covering 
the western side of the North Island. The Taranaki Basin was probably in contact 
with the East Coast sea through a rather narrow channel only, to the south of the 
present Tongariro National Park area. During warm Lower and Middle Tertiary 
times R. elongata may have been widespread in New Zealand, and part of the stock 
may have been isolated in the west by the diminishing of basins of deposition, dur¬ 
ing later Tertiary times. In this view R. exoptata would have evolved in the isolated 
basin through response to changing environment, particularly falling water tem¬ 
perature, while the more widespread original species, R. elongata, was unable to 
evolve at the necessary rate to survive. The exoptata stock would then be able to 
invade the rest of the country as conditions permitted, and by the Waitotaran was 
living in Hawkes Bay. This form evolved into the Pleistocene and Recent R. 
lanceolata, which now lives throughout the two main islands. 

The existence of R. elongata in the Lower or Middle Miocene indicates that 
the genus had already undergone a long evolution, but the details of this are 
quite unknown and are likely to remain so. 


Evolution in Zenatia 

The most important character for determining relationships in Zenatia is the 
cardinal angle, and the second most important is the form of the lunule. They 
indicate that the main line of evolution was from Z. cretacea through Z. cf. 
acinaces to Z. acinaces. These three forms appear to represent a classical case 
of recapitulation, as the adult lunule and adductor groove of Z. cretacea are 
found in juveniles of Z. acinaces. Z. cretacea appears to have had no dis¬ 
tinct juvenile form. Each form in turn occupied almost all of New Zealand? 
commencing with Z. precursor in the early Tertiary and continuing wit 
Z. acinaces in the present day. 

While the present unusual lunule and anterior adductor scar of the main line¬ 
age were developing, a second lineage was evolving in the north of New Zealan 
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This group is retained in Zenatia s. s. as the morphological differences are minor. 
It has the primitive lunule and anterior adductor muscle scar, and has developed 
a larger cardinal angle than that of the main lineage. This lineage, containing 
Z. flemingi and Z. tepikiensis , became extinct at the end of the Lower Pleisto¬ 
cene. It must have evolved from Z. cretacea at some time in the Southland 
Epoch, before cretacea began to develop the Z. acinaces characters. 


TABLE 1 . PHYLOGENIES AND GEOLOGICAL OCCURRENCES 

OF LUTRARIA , RESANIA AND ZENATIA. 

i 

PRESENT DAY 

i v 


HAWERA SERIES 

Upper 

Pleist 




Taranaki Wanganui » 

Series Series 

Castlecliffian 


«> 

c 

o 

u 

o 

1 

2 

iensis 

Okehuan 



-3 - . 

o 

4) 

7 ^ 

j 5- £ 3 

Nukumaruan 

Lower 

Plei 


U J 

r 

• . rz s ~ 

| a 

Hautawan 


~o J 

*9 

. 1 

r 

i 

i 

! 1 ^ 4) 

| ; n 

«0 1 _ | u 

Waitotaran 

Pliocene 


^ i 

1 

s 4? i | 

« I -5 • a ® 

5 _| S J | ” 

Waipipian 


J 


o T i -2 s ■ 

O I St. ■ CL O0 

1 I n. ^ 

Opoitian 


1 

1,1 

N , N | a 

i i 3 

i / • 

Kapitean 

i 

a. 


1 

1 

J 

- ; • -»-/ - 

wi ® 4) i ^ 

.IS • o 

Tongaporutuan 

=3 ) 


? 

_ 1 

- 1 

1 ! 

Southland 

Series 

Waiauan 



! i 2 i’s* / 

Lillburnian 

Middle 

MIOCENI 


V ; ? • / 

\ ^ # / 

Clifdenian 


\ 1 T t 

\i - t 

Altonian 




\i 

. ( 


Pareora 

Series 

Awamoan 

Lower 1 


1 

3 i 

a 

*> 

Ota i an 


i 

> O 

i a 

4) 

k 

London 

Series 

Waitakian 



N X 

Ki 

Duntroonian 

Oligocene 


^ Australian genera 

M 1 

Whaingaroan 

I 1 


Arnold 

Series 

Runangan 

Mid. and Up. 

o 

E 3 \ 

» S 

Kaiatan 

e 

s 

LLI 

-J ' N % / 

\ / 

\ * 

Bortonian 


\ f 

\ i 

1 1 


i 

i 

i 

■■ KNOWN OCCURRENCE * 

UNIDENTIFIABLE SPECIMENS 

SUGGESTED RELATIONSHIPS 






















































































































88 


T ransactions — Zoology 


Vol. 8 


A third lineage is represented by the species Z. vellai and Z. waipipiana , here 
separated as the Subgenus Zenatraria. The important distinguishing character 
is the small cardinal angle, about 55deg. compared with about 70 in the acinaces 
lineage and about 85 in the flemingi lineage. As both species have the cretacea 
type of lunule and anterior adductor scar, and as Z . waipipiana is morphologic¬ 
ally fairly close to Zenatia s. s., the subgenus is considered to have evolved from 
the Z. flemingi lineage in the Kapitean or Opoitian Ages. 

The phylogenies suggested above and the known geological occurrences are 
summarised in Table I. 


Ecology 

The posterior gape and directly backward-pointing pallial sinus of Lutraria 
and Zenatiinae indicate that they live in vertical burrows with the siphons point¬ 
ing upwards. The long non-retractable siphons indicate that these animals use 
the walls of their burrows as though they were part of their shells, and probably 
remain buried throughout their lives. As Lutraria has clothed siphons and a 
relatively long anterior end, and therefore presumably a foot which is only 
moderately reduced, it would seem to be somewhat less sedentary and less reliant 
on the burrow itself than are Zenatiinae, which have a very reduced foot and 
naked siphons. Zenatiinae therefore seem to be more highly adapted to the 
burrowing mode of life, and resemble Solenids of the Solen and Ensis type. This 
may explain the evolution and expansion of the Zenatiinae in southern Austra¬ 
lasia, where Solenids are minor elements in southern Australia and are unknown 
in New Zealand. 

Lutraria is widespread, occurring in Europe and most of the Indo-Pacific, 
where there is usually one species in each region. It inhabits intertidal mudflats 
and muddy sands, usually preferring semi-estuarine environments. The New 
Zealand fossil occurrences are all in sandstones or fine conglomerates, and there 
is no reason to suppose that L. solida and L. trapezoidalis had different ecologies 
from the foreign Recent species. Lutraria solida is common in the Nukumaru 
Brown Sand of Wanganui District. This formation is an unconsolidated brown¬ 
weathering muddy sandstone and, besides Lutraria , contains Isognomon, Patro, 
Barytellina and Zeacumantus (Fleming, 1953: 143); it seems to have been 

nearly estuarine. Lutraria solida is not common at most of its other localities, 
and is rare in strata older than Nukumaruan. 

All known specimens of Zenatia (Zenatraria ) are from sandstones or fine 
conglomerates, except that from G.S.1167. This last specimen is in a siltstone, 
but was represented by only one valve, which bears a few barnacles and several 
barnacle scars, and was almost certainly allocthonous. It seems that Zenatraria 
became . adapted for shallower environments and coarser substrata than Zenatia 
s. s., which accounts for its rarity in collections. Z. ( Zenatraria ) vellai resembles 
Lutraria externally, and is found with Lutraria solida at one locality. Both 
species are .more inflated than typical Zenatia. The relatively long anterior end 
of Z. vellai indicates that it had a larger foot than other Zenatiinae, and was 
less, sedentary. Therefore it seems that Zenatraria was a line evolving towards a 
similar morphology and ecological niche to those of Lutraria. 

Recent specimens of Zenatia acinaces are common on oceanic sand beaches, 
and may also be found on moderately protected sandy beaches in harbours (e.g*> 
Eastbourne, Wellington Harbour). Suter (1913: 972) gave the following 

ecological data. North and South Islands, from below low water mark to 
about 30 fathoms; in some places, like New Brighton, it is evidently common 
in a depth of three to five fathoms”. Powell (1961: 124) recorded it from the 
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three mainland faunal Provinces, the Aupourian, Cookian and Forsterian. Powell 
(1937: 370, 372) also recorded Z. acinaces from 10 stations of the Echinocardium 
Association and its subsidiary Polychaete + Zenatia Associes from Auckland Har¬ 
bour and environs, from mud and sandy mud substrata in depths of two and 
a-half to eight fathoms. The fossil specimens examined by the writer are from 
silty sandstones and sandy siltstones, and rarely from greensands and pure silt- 
stones. Well preserved double-valved specimens are known only from the Dun- 
troonian Stage (coarse greensand), Awamoan Stage (silty sandstone, and shell- 
beds with this matrix), and the Wanganui Series (silty sandstones and sandy 
siltstones). There are no specimens from the Southland or Taranaki Series in 
which it is possible to see all internal characters, and it is only in these Series that 
specimens are found in pure siltstones. 

It seems that Zenatia s. s. is a rather sedentary burrower in sandy silts and 
silty sands in shallow depths in the outer parts of harbours and off ocean 
beaches. 

Trueman (1964:68) decribed the ligamental structures and ecology of My a 
arenaria (Linnaeus) and Lutraria lutraria (Linnaeus). These species have fused 
mantle margins, and hydrostatic pressure in the mantle cavity protrudes the siphons 
and supplements the opening action of the ligament. In Mya , and probably in 
Lutraria, retraction of the siphons causes the valves to be forced apart and adduc¬ 
tion of the valves causes protrusion of the siphons. To accommodate these 
movements, changes have occurred in the ligament to allow rocking of the valves 
on a dorsoventral axis, as well as the normal opening and closing on the antero¬ 
posterior axis. The ligament is greatly reduced in anteroposterior length in spite 
of the great length of the valves, and consists of two parts. The “ outer layer ” is 
a short, narrow, true ligament which joins the hinge plates just behind the top of 
the resiliary pit. The “ inner layer ” is a resilium, functional over the ventral third 
of the resilifer only, and fractured apart above this. This small block of resilium 
acts as a pivot in the rocking of the valves. The dorsal margins of the valves are 
united by a flexible sheet of periostracum. 

Although the minor elements differ greatly, the hinge structures of all Zenatiinae 
are basically very similar to those of Lutraria lutraria figured by Trueman (1964:69) 
and seen in specimens of Lutraria solida, and as these structures are so similar in 
such unrelated animals as Mya and Lutraria I conclude that Zenatiinae function 
in the manner described above. There seems to be a slight difference, in that very 
fresh Recent Specimens of Zenatia acinaces have irregular sheets of periostracum 
hanging from the ventral edges of the valves. This periostracum appears to have 
united the valves ventrally as it does along the dorsal margin of Lutraria. 

When a valve of Zenatia or Zenatraria is viewed from above, it is seen that the 
dorsal margin is not straight, and is not parallel to the ventral margin. If the two 
valves of one specimen are placed together so that the dorsal margins meet along 
the length of the portion behind the umbones, the ventral margins meet only at 
the curve at the base of the posterior edge. If the valves are now rocked forwards 
so that the ventral margins meet along their length, the dorsal margins meet only 
at the umbones. This movement is presumably equivalent to the rocking movement 
of the valves in live Lutraria, and it would therefore seem probable that a somewhat 
diagonal rocking motion takes place in Zenatiinae. If Zenatiinae have the ventral 
margins of the valves united by periostracum as suggested above, the animal would 
not be able to open its shell very far in the manner normal to other lamellibranchs. 
As the anterior gape is almost closed when the posterior gape is widely open, 
Zenatia s. s. and Z. (Zenatraria) would seem to be able to protrude the foot only 
when the siphons are also protruded. Z. (Zenatraria) vellai, however, still has 
quite a large anterior ventral gape when the posterior is gaping widely, and may 
have been able to burrow with its siphons retracted. 
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The features described above are adaptions to the deep-burrowing mode of life 
already described for these lamellibranchs. They are also present in some degree 
in Panopea, which has united mantle margins but gapes widely at both ends and 
does not require the rocking motion of the valves. It seems likely that Zenatiinae 
burrow to a depth of about a foot, but I have no information on this. 

Resania has a very unusual morpholgy for a Mactrid, resembling the Solenid 
Siliqua, with the anterior end longer than the posterior and with a short pallial 
sinus. This leads to the supposition that it occupies an unusual ecological niche. 
The Recent R. lanceolata is uncommon at most localities, and is found only on 
moderately exposed to oceanic sand beaches. The only beaches where the species 
seems to be common are Ohope Beach, Whakatane, and New Brighton Beach, 
Christchurch. These are two of the flattest ocean beaches in New Zealand, and 
are exposed to an almost constant surf. All fossil specimens are in sandstone or 
conglomerate. 

Dali (1899:85) describes the foot of R. lanceolata as being “compressed, sharp- 
edged, pointed, large and muscular, with no obvious byssal groove, and of a 
lanceolate outline The slender naked siphons are comparatively short, as may 
be inferred from the short pallial sinus, and can probably be retracted completely 
within the shell. The posterior dorsal gape and direction of the pallial sinus towards 
this gape indicate that the siphons are protruded a little upwards, at an angle of 
about 12 degrees to the long axis of the shell. From this it may be inferred that 
the animal lives with its long axis parallel to the surface of the sand, rather than 
normal to it as in Zenatia and Lutraria. From the large foot, separate mantle 
margins and short retractable siphons I conclude that Resania is a very active 
lamellibranch, burrowing to very shallow depths only. Also, the narrow lanceolate 
shape is obviously better adapted to passage through sand than is that of most 
Mactrids. The valves rock a small amount as described above for Mya, Lutraria 
and Zenatia, and as there is a gape to allow for the siphons it seems likely that 
this rocking is to accommodate the foot. 

From this it seems likely that Resania is adapted to life in the wave zone of 
exposed sand beaches, ploughing actively through the sand about an inch below 
the surface. Probably the animal has to burrow quickly when exposed by waves, 
to avoid being washed away. 
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